Electrical Power and Machines Engineering 

Electromagnetic Fields: Sheet 1 Faculty of 

Engineering 

1 . Given the vectors M = — 10a x + 4a y — 8a z and N = 8a x + 7a y — 2a z , find (a)a 
unit vector in the direction of — M + 2N; (b) the magnitude of 5a^ + N — 3M 
and (c) the value of |M||2N|(M + N). 

2. Vector A extends from the origin to point (1, 2, 3), and vector B extends from 
the origin to (2, 3, -2). Find (a) the unit vector in the direction of (A — B); (b)the 
unit vector in the direction of the line extending from the origin to the midpoint 
of the line joining the ends of A and B. 

3. The vector from the origin to point A is given as (6, -2, -4), and the unit vector 
directed from the origin toward point 5 is (2,— 2, l)/3. If points A and B are 
ten units apart, find the coordinates of point B. 

4. Find the acute angle between the two vectors A = 2a x + a y + 3a z and B = 
a x — 3a y + 2a z by using the definition of (a)the dot product and (b) the cross 
product. 

5. Given the points M(0.1, —0.2, —0.1), N(— 0.2, 0.1, 0.3), andP(0.4, 0, 0.1), find 

(a) the vector Rmtv; (b) the dot product Rmtv-Rmp; (c) the scalar projection 
of Hmn on R M p\ (d) the angle between Rmat and R mp- 

6. Find (a) the vector component of F = 10a x — 6a y + 5a z that is parallel to 
G = 0.1 a x + 0.2a y 0.3a z ; (b) the vector component of F that is perpendicular 
to G; (c) the vector component of G that is perpendicular to F. 

7. Three vectors extending from the origin are given as Ri = (7, 3, — 2), R2 = 
(—2, 7, —3), and r 3 = (0, 2, 3). Find (a) a unit vector perpendicular to both Ri 
and R2 ; (b) a unit vector perpendicular to the vectors Ri - R2 and R2 - R3 ; (c) 
the area of the triangle defined by Ri and R2 ; (d) the area of the triangle defined 
by the heads of Ri, R2, and R3. 

8. Express in cylindrical components: (a) the vector from C(3, 2, — 7) to 27(— 1, — 4, 2); 

(b) a unit vector at D directed toward C; (c) a unit vector at D directed toward 
the origin. 

9. The surfaces r = 2 and 4, 6 = 30° and 50o, and 0 = 20° and 60° identify a 
closed surface. Find (a) the enclosed volume; (b) the total area of the enclosing 
surface; (c) the total length of the twelve edges of the surface; (d) the length of 
the longest straight line that lies entirely within the surface. 

10. Express the unit vector ax in spherical components at the point: (a) r = 2m, 

9 = lrad, (j) = 0.8rad; (b) x = 3m, y = 2m, z = — lm; (c )p = 2.5m, 

0 = 0.7rad, z = 1.5m. 
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[(Given the vectors M = -lOax +4ay -8az and N = 8ax +7ay -2az, FIND : 

[a] a unit vector in the direction of -M + 2N; 

[b] the magnitude of 5ax + N - 3M 

[c] the value of |M||2N|(M + N). 


—M + 2N = — (— lOax + 4ay — 8az ) + 2(8ax + 7ay — 2az) 

= (10 a x — 4 cty + 8 g z ] + ( 16 cl x + 14 dy - 4 fl z ] = 26 cl x + 10 CLy + 4 cl z 

\—M + 2N | = V26 2 + 10 2 +4 2 = 6V22 
26 cir + 10 CLy + 4 u z 

unit vector = — = 0.9238 a x + 0.355334 a y + 0.142133 a z 

6v22 


b) 


5 a x + N — 3M = 5a x + (8a x + 7a y + 2a z ) — 3(— 10 a x + 4 a y — 8 a z ) 


= 43 a x — 5 a y -6a z 

| 5a x + N - 3M | = V43 2 + 5 2 + 6 2 = 43.7035 


c) 


|M| = V 10 2 + 4 2 + 8 2 = 6V5 = 13.4164 
|2N | = V 16 2 + 14 2 — 4 2 = 2Vl09 = 20.88061 

M + N = ( — 10 + 4 dy — 8 d z ) + (8 d x + 7 dy + 2 d z ) = — 2 d x + 11 dy — 6 d z 

\M\\2N\(M + N) = (13.416)(20.88)(— 2 a x + 11 d y - 6 d z ) = -560.25 a x + 3081.38 a y - 1680.75 a z 

^Vector A extends from the origin to point (1, 2, 3), and vector B extends from the origin to (2, 3, -2). Find 

(a) the unit vector in the direction of (A-B); 

(b] the unit vector in the direction of the line extending from the origin to the midpoint of the line joining the ends of A 
and B. 

a) 

A = 1 a x +2 dy +3 a z 
B — 2 a x + 3 CLy — 2 a z 

A — B = (l a x +2 CLy +3 a z ) — (2 a x + 3 a y — 2 a z ) 

= — 1 a x — 1 dy +1g z 
| A -B | = Vl 2 + l 2 + l 2 = V3 

— 1 — 1 a y + 1 cl z 1 1 1 

unit vector = — = — — a x — — a v + — a z 

V3 V3 V3 y V3 



b) 


1+2 2+3 3+2 

the midpoint = — - — a x H — a y H — a z = 1.5 a x + 2.5 a y + 2.5 a z 

it's magnitude = V 1-5 2 3 + 2.5 2 + 2.5 2 = 3.34057 
1.5 a x + 2.5 a v + 2.5 a z 

unit vector = — — — — = 0.3905 a x + 0.6509 a y + 0.6509 a z 

3.34057 

0The vector from the origin to point A is given as (6, -2, -4), and the unit vector directed from the origin toward point B is 
{2, -2, l)/3. If points A and B are ten units apart, find the coordinates of point B. 

A = 6 a x — 2 a y —4 a z 

2 2 1 

B unit vector = - a x — - a v + - a z 

3 x 3 y 3 z 

2 2 1 

B — — k a x — — k a v + — k a 7 
3 3 y 3 

v \AB\= \B-A\ = 10 units 

J(§h+++(+ 4 * +. 

il k ~ 6 ) + {~l k+2 ) + (i fe+4 ) =10 ° 

2 

put C — -k 

(C \ 2 

( C - 6) 2 + ( -C + 2) 2 + (2 + 4 j = 100 

C 2 

C 2 - 12C + 36 + C 2 — 4C + 4 + — + 4C + 16 = 

4 

(i + 1 + i) C 2 + ( -i2 - 4 + 4)C + ( 36 + 4 + 16 ) 

2.25C 2 - 12C -44 = 0 
C = 7.8306 or - 2.497 

3 

:.k = -C= 11.7459 or - 3.7455 

2 2 1 

B — — k a x — — k a v + — k a 7 

3 3 y 3 

B = 7 . 8306 a x — 7. 8306 a y +3.9153 a z 

or 

B = —2. 497 a x +2.497 a y -1.2458 a z 

0Find the acute angle between the two vectors A = 2ax + ay + 3az and B = ax - 3ay + 2az by using the 
definition of (a)the dot product and (b) the cross product. 

a) using the dot product 

A = V2 2 + l 2 + 3 2 = Vl4 =3.741 
B = Vl 2 + 3 2 + 2 2 = Vl4 = 3.741 

A ■ B = (2ax + ay + 3az ) ■ (ax — 3ay + 2az )) 


= 100 
= 100 



= 2 — 3 + 6 = 5 = ABcos{6) = 14 cos(6>) 


cos ^) = Ya 

6 = cos -1 j = 69.07 ° = 1.2 rad 


b) using the cross product 


Ax B = | 2 1 3| = (2 + 9 )a x - (4 - 3 )a y + (-6 - 1 )a z = 11 a x — a y — 1 a z 

.1-32 

:.\AxB\ = V ll 2 + l 2 + 7 2 = 3Vl9 = 13.0766 = 4Bsin(0) = 14sin(0) 

3V19 
sin (6) = ■ 


14 


•■• e=sin nrj 69 - 07 ‘ 


1.2 rad 


^Given the points M (0.1, -0.2, -0.1), N (-0.2, 0.1, 0.3), and P (0.4, 0, 0.1), find 

(a)the vector RMN; (b) the dot product RM N .RMP; ( c ) the scalar projection of RMN on R MP ; (d) the angle 
between RMN and R MP ■ 


R mn — N — M — —0.3 a x + 0.3 a y + 0.4 a z 

|B^| = V 0.3 2 + — 0. 3 2 + 0.4 2 = 0.583 
R M p — P — M = 0.3 a x + 0.2 a y + 0.2 a z 

\Rmp\ = V 0.3 2 + 0. 2 2 + 0.2 2 = 0.41231 


Rmn ’ Rmp ~ 0.3 cl x + 0.3 a y + 0.4 a z ) ■ (0.3 a x + 0.2 a y + 0.2 a z ) 

= -0.09 + 0.06 + 0.08 = 0.05 


c) 


. , . Rmn ‘ Rmp 

the scalar projection = | — 

\Rmp\ 


0.05 

0.41231 


0.12126 


d) 


Rmn ' Rmp = I^mwI \Rmp\ cos(d) = 0.583 * 0.4123 cos(d) = 0.05 
, 0.05 

•• 0 = cos -1 (——-) = 77.9° « 78° = 1.361 rad 
4).240 y 



0Find (a) the vector component of F = lOax - 6ay + 5az that is parallel to G = O.lax + 0.2ay+0.3az; (b) the vector 
component of F that is perpendicular to G; (c) the vector component of G that is perpendicular to F. 

\F\ = V 10 2 + 6 2 + 5 2 = 12.688 
\G\ = V0.1 2 + 0.2 2 + 0.3 2 = 0.37416 


a) 


b) 


c) 


F-G _ (1 + (-1.2) + 1.5) 
~W ~ 0.37416 


0.1a x + 0.2a v + 0.3a z 

a a = — — — — = 0.2672 a x + 0.5345 a v + 0.8018 a z 

9 0.37416 x y z 

••• F parallel component to G = 3.474 (0.2672 a x + 0.5345 a y + 0.8018 a z ) 

— 0.928 a x + 1.85 + 2.78 a z 


F perpendicular to G 


F — Fy + Fj_ 

••• F ± = F — F|| = (l0a x — 6a y + 5a z ) — (0.928 a x + 1.85 a y + 2.78 a z ) 

F7= 9. 072 a x — 7. 85 a y + 2.22 a z 


G component perpendicular on F 

G ^ = G — G\\ 

= ( O.la* + 0.2a y + 0.3 a z ) - j c 


) a f 


( 0.1 a x + 0.2 CL y + 0.3a z ) — 
(l0a x — 6a y + 5a z ) 


af 12.688 

(F-G 


■F-G' 

w 

(1 + (-1.2) + 1.5)^ 

12.688 ) af 

= 0.788 a x - 0.472 a y + 0.39 a z 


(w)' 


af = 0.102 (0.788 a x — 0.472 a y + 0.39 a z ) = 0.080376 a x - 0.048144 a y + 0.03978 a z 

G± — ( 0.1 a x + 0.2a y + 0.3u z ) — ( 0.080376 a x — 0.048144 u y + 0.03978 u z ) 

G 7 = 0.019624 a x +0.248144 a y +0. 26022 a z 


0Three vectors extending from the origin are given as R1 = [7, 3, -2), R2 = (-2, 1 , -3), and R3 = (0, 2, 3). Find (a) a unit 
vector perpendicular to both R1 and R2; (b) a unit vector perpendicular to the vectors R1 - R2 and R2 - R3; (c) the area of 
the triangle defined by R1 and R2; (d) the area of the triangle defined by the heads of Rl, R2, and R3. 


a) 


a vector n is perpendicular on R 1 and R 2 if 


R ± X R 2 = (7, 3,-2) X (-2, 7,-3) = 


CLy 

1 3 

-2 7 


u z 

-2 

-3 


= 5 a x + 25 a y + 55a ; 



5 a x + 25 dy + 55 a z 

a unit vector a n = - 


V 5 2 + 25 2 + 55 2 

= 0.00363 a x + 0. 018181 a y + 0.0399 a 


( V (75626) * a x + 7(75626) * 5a y + 7(75626) * 11a. 

V 


75626 


b) 


R\ — R 2 = (7,3, -2) - (-2 , 1 , -3) = 9 a x — 4 a y + a z 
R^-R^ = (- 2 ,7,-3)- ( 0,2,3 )= — 2a x + 5a y — 6 a z 


a vector z will be perpendicular on both of them if 

r a x dy d z "I 


z — (R t — R 2 ) X (R 2 — R 3 ) — 


9-4 1 

-2 5 -6 


19 d x + 52 dy + 37 d z 


19 a x + 52 dy + 37 d z 
Vl9 2 + 52 2 + 37 2 


19 a x + 52 dy + 37 d z 
66.588287258346 


0.285 a x + 0.7809 dy + 0. 556 a z 


c) 


the area of the triangle — -\R 1 xR 2 \ 

R ± x R 2 = = 5 a x + 25 dy + 55d z from (a) 

Y Y 

- 1 Ri X R 2 | = - * Vs 2 + 25 2 + 55 2 = 30. 311 Square Units 


d) 


t/ie two vectors that determine this triangle are R 1 R 2 and R±R 3 


R 1 R 2 = R 2 -Ri = —9 a x + 4 dy - 1 d z 


R 1 R 3 — ^3 ^1 — 7 a x 1 dy + 5 d z 


••• the Area — — \ R 1 R 2 x R ± R 3 


R t R 2 x R x R 3 


-9 4 -1 

-7 -1 5 


19 d r + 52 d v + 37 a 7 


Y Y 

••• = - | R^R 2 x | = - Vl9 2 + 52 2 + 37 2 = 33.294 square units 


^Express in cylindrical components: (a) the vector from C(3, 2, -7) to D(~ 1, “4, 2); (b) a unit vector at D directed toward 
C; (c) a unit vector at D directed toward the origin. 

a) 

The vector CD — D — C — —4 a x — 6 a y + 9 a z 



to to cylindrical CD *a^ = —4a x -a^—6a y -a^ + 9a z -a^ = —4 cos (0) — 6 sin(0) 

CD *a^ = —4a x -a^—6a y -a^ +9 a z -a^ — 4 sin (0) — 6 cos(0) 

CD * aj = —4 a x -a^ — 6 a y -a^ + 9 a z ■ aj = 9 
••• in cylinderical CD — (—4 cos (0) — 6 sin(0) )a/ + (4 sin(0) — 6 cos (0))a^ + 9 a z 

where 0 = tan -1 ^ , /or point ( x , y , z ) 
b) a unit vector DC 

DC — C — D — (3,2, -7) -(-1,-4, 2) = 4a x +6a y -9a z 
4 a x + 6 dy — 9 a z 

••• unit vector = . = 0.347 a x + 0.52 a v — 0.78 a z 

V4 2 + 6 2 + 9 2 

DC (unit vector ) * a/ = 0.347 cos(0) + 0.347 sin(0) 

DC (unit vector ) * = — 0.347 sin(0) + 0.347 cos(0) 

-0.78 

(0.347 cos(0) + 0.347 sin(0))a p + (— 0.347 sin(0) + 0.347 cos (0))a0 — 0.78 a z 


DC (unit vector ) * a z = 
••• in cylendrical DC = 

where 0 = tan -1 ^ 


C) DO = (0,0,0) - ( -1 , -4 , 2) = 1 a x + 4 a y - 2 a z 
la T + 4 a v — 2 a z 

DO = " y — = 0.218 a x + 0.873 a v - 0.436 a z 

Vl 2 + 4 2 + 2 2 y 

to cylendrical : 

( 0.218 cos(0) + 0.873 sin(0) )a p + ( -0.218 sin 0 + 0.873 cos 0 )a^ - 0.436 a z 


Q The surfaces r = 2 and 4, 0 = 30° and 50°, and cp = 20° and 60° identify a closed surface. Find (a) the enclosed volume; 
(b) the total area of the enclosing surface; (c) the total length of the twelve edges of the surface; (d) the length of the 
longest straight line that lies entirely within the surface. 



^ Express the unit vector ax in spherical components at the point: 

(a) r = 2m, 0 = lrad, cp = 0.8rad; (b)x = 3m, y = 2m, z = -lm; (c)p = 2.5m, cp = 0.7rad,z = 

1.5m. 


sin $ cos <ji> 


cos 9 cos <p 


30 

— siiup 


a x — (sinO cos <p )a r + (cos0 cos0 )a# — sin0 a ^ 


a) 


a x = (sinl cos 0.8 )a r + (cos 1 cos 0.8 )a 0 —sin 0.8 a ^ 
= (0.5863 )a; + (0.3764 )a^ -0.7174 


b) 


/irst we convert the point to spherical cordinates 


r = = V3 2 + 2 2 + -l 2 = Vl4 = 3.7417 



= 105.5014° 


c|) = tan 1 = tan 1 Q) = 33.6901° 


a* = (sml05.5 cos 33.69 )a r + (cos 105.5 cos 33.69 )a# —sin 33.69 a ^ 
= (0.8018)5; + (—0.2224)ae - 0.5547 a 0 


c) 


convert it to cartezian 
x — p cos <p = 2.5 cos 0.7 = 1.9121m 

y = psin0 = 2.5 sin 0.7 — 1.6105 m 
z = 1.5 m 
to spherical 


r = Vl-9 2 + 1.6 2 + 1.5 2 = 2.9017 



a x = (sin58.8526 cos 40.1 )a r + (cos 58.8526 cos 40.1 )a 0 —sin 40.1 
= (0.6546 )a^ + (0.3956 )ag — 0.6441 a ^ 
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1. Find the volume defined by: 

(a) 3 <r <5, 0.1 it <0<OJ* and 1,2* < d> < 1.6* 

(b) 4 < p < 6 t 2 < Z < 5 and 30 “< <|> < 60* 

2 . Kindi [he area of: 

(a) Curved surface of right circular cylinder with p = 2 m, 0 < Z <5 and 30 *< <t> < 
120* 

(b) Strip 0 < 0 < n on a spherical shell of radius r 

■m YV 

3. Transfer G = — a K into: 

( a) Cylindrical coord i natc s system { b) Spherical coord inates system 

4. Using the coordinate System, named, give vector at point A (2j,-3) [hat extends to B ( 1,3,4) 
using. ( a ) Cartesian (b) Cylindrical (e) Spherical 

5. Find the gradient of theses scalar fields: 

(a) U = 4xz 2 + 3yz 

(b) W = Zp (z 2 + 1) cos<|) 

(c) H = r 2 cos0cos0 

6. In the region of free space that includes the volume, 2 < x,y, z < 3, 



Evaluate the divergence of D. 

7* H E = “CO S 2 $ Evaluate the divergence of E. 

8. Let D = (2p z 2 a p + p cos 2 4* a , ). Evaluate 

(a}$ D.dS 
(b) / V. D dv 

over the region defined by 0 < p < 5, Q < d> < 2it, -1 < z < 1, 
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1. A 20 nC point charge is located at P (2, 4,-3) in free space. Find 

(a) E (r). 

(b) E at A (-3,2,0). 

2. Point charges Qi = 5 pC and Q 2 = - 4 pC are placed at (3, 2, 1) and (-4, 0, 6), 
respectively. 

Determine the force on Qi. 

3. Point charges Qi and Q 2 are, respectively, located at (4, 0, -3) and (2, 0, 1). If 
Q 2 = 4 nC, Find Qi such that 

(a) The E at (5, 0, 6) has no z-component 

(b) The force on a test charge at (5, 0, 6) has no x-component. 

4. Determine the total charge 

(a) On line 0<x<5mifpi= 12x 2 mC/m 

(b) On the cylinder p = 3, 0 < z < 4 m if p s = pz 2 nC/m 2 

10 1 

(c) Within the sphere r = 4 m if p v = — ^ C/nr 

5. A line charge density pi is uniformly distributed over a length of 2a with centre as 
origin along x axis. Find E at a point P which is on z axis at a distance d. 

6. It is required to hold four equal point charges each in equilibrium at the comers of 
square. Find the point charge which will do this, if placed at the centroid of the square. 

7. A ring placed along y 2 + z 2 = 4, x = 0 carries a uniform charge of 5 pC/m. 

(a) Find E at P (3,0, 0). 

(b) If two identical point charges Q are placed at (0, -3, 0) and (0, 3, 0) in addition to 
the ring, 

Find the value of Q such that E = 0 at P. 

8. A sheet of charges p s = 2 nC /m 2 , is present at the plane x = 3 in free space, and a line 
charge pj = 2 nC lm 1 is located at x = 1, z = 4. Find 

(a) The magnitude of electric field intensity at the origin. 

(b) The direction of E at p (4, 5, 6). 

(c) What is the force per meter length on the line charge? 

9. A point charge 100 pC is located at (4, 1,-3) while the x-axis carries charge 2 nC/m. If 
the plane z = 3 also carries charge 5 nC/m 2 , Find E at (1, 1, 1). 
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1. A point charge Q = 100 pC is located at the origin. Determine the total flux passing through the 
following surfaces: 

(a) A hemisphere of radius 2m defined by 0 < 0 < 0.57i, 0 < 4> < 2n, r = Ra 

(b) A spherical shell defined by 0i < 0 < 02 

2. Cylindrical surfaces at r = 2, 4, and 6m carry uniform charge densities of 20, -4, and p so nC/m 2 
respectively. Find 

(a) D at r = 1, 3, and 5 m 

(b) How much electric flux passes through the closed surface p = 8 m, 0 < z < 1? 

(c) p s such that D = 0 at r = 7 m. 

3. Given that 

( lip nC/m\ 

* ^ to, 

Determine D everywhere, 

4. The Cylindrical surfaces at p = 1, 2, and 3m carry uniform surface charge densities of 20, -8, and 
5 nC/ m 2 respectively. 

(a) How much electric flux passes through the closed surface p = 5,0<z < 1? 

(b) Find D at p = 1,3, and 5 m. 


1 < p < 2 
otherwise 


5. Let 


P, 


mC/m\ 
4 r 

o. 


1 < r < 4 
r > 0 


(a) Find the net flux crossing surface r = 2 m and r — 6 m. 

(b) Determine D at r ~ 1 m and r - irn, 


6 . A uniform volume of 80 pC/m 3 , is present throughout the region 8mm < r < 10mm. Let p v = 0 
for 0 < r < 8mm. Find 

(a) The total charge inside the spherical surface r = 10mm. 

(b) D r at r = 10mm. 

(c) If there is no charge for r >10mm, find D r at r = 20mm. 

7. In the region of free space that incudes the volume, 2 < x, y, z < 3, 

D = ^ (yz a x + xz a y — 2xz a z ) C / m 2 . 

(a) Evaluate the volume integral side of the divergence theorem for the volume defined by 
2 < x,y, z < 3. 

(b) Evaluate the surface integral side for the corresponding closed surface. 
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8. If D = (15 p 2 sin2c|) a p + 20 p 2 cos2(j) a^) C / m 2 . Evaluate both sides of the divergence 
theorem for the region 1 < p < 2m, 1 < 4> < 2rad, 1 < z < 2m 

9. If D = ~ cos 20 a 0 C / m 2 . Use two different methods to find Q tot within the region 
1 < r < 2m, 1 < 4> < 2rad, 1 < 0 < 2rad. 
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1. A point charge Q = 100 pC is located at the origin. Determine the total flux passing through the 
following surfaces: 

(a) A hemisphere of radius 2m defined by 0 < 0 < 0.57i, 0 < 4> < 2n, r = Ra 

(b) A spherical shell defined by 0i < 0 < 02 

2. Cylindrical surfaces at r = 2, 4, and 6m carry uniform charge densities of 20, -4, and p so nC/m 2 
respectively. Find 

(a) D at r = 1, 3, and 5 m 

(b) How much electric flux passes through the closed surface p = 8 m, 0 < z < 1? 

(c) p s such that D = 0 at r = 7 m. 

3. Given that 

( lip nC/m\ 

* ^ to, 

Determine D everywhere, 

4. The Cylindrical surfaces at p = 1, 2, and 3m carry uniform surface charge densities of 20, -8, and 
5 nC/ m 2 respectively. 

(a) How much electric flux passes through the closed surface p = 5,0<z < 1? 

(b) Find D at p = 1,3, and 5 m. 


1 < p < 2 
otherwise 


5. Let 


P, 


mC/m\ 
4 r 

o. 


1 < r < 4 
r > 0 


(a) Find the net flux crossing surface r = 2 m and r — 6 m. 

(b) Determine D at r ~ 1 m and r - irn, 


6 . A uniform volume of 80 pC/m 3 , is present throughout the region 8mm < r < 10mm. Let p v = 0 
for 0 < r < 8mm. Find 

(a) The total charge inside the spherical surface r = 10mm. 

(b) D r at r = 10mm. 

(c) If there is no charge for r >10mm, find D r at r = 20mm. 

7. In the region of free space that incudes the volume, 2 < x, y, z < 3, 

D = ^ (yz a x + xz a y — 2xz a z ) C / m 2 . 

(a) Evaluate the volume integral side of the divergence theorem for the volume defined by 
2 < x,y, z < 3. 

(b) Evaluate the surface integral side for the corresponding closed surface. 
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8. If D = (15 p 2 sin2c|) a p + 20 p 2 cos2(j) a^) C / m 2 . Evaluate both sides of the divergence 
theorem for the region 1 < p < 2m, 1 < 4> < 2rad, 1 < z < 2m 

9. If D = ~ cos 20 a 0 C / m 2 . Use two different methods to find Q tot within the region 
1 < r < 2m, 1 < 4> < 2rad, 1 < 0 < 2rad. 
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Tanta University 


Electrical Power and Machines Depart. 

Electromagnetic Fields 
Sheet (5) 

Electric Work and Potential 

Faculty of Engineering 



l. 


Find the work done in carrying a 5 C charge from P (1, 2, -4) to R (3, -5, 6) in 
electric field 

E = a x + z 2 a y + 2yz a z V/ m 


2. In free space, V = x 2 y (z + 3) V. Find 

(a) Eat (3, 4, -6) 

(b) The charge within the cube 0 < x, y, z < 1 


3. Using cylindrical coordinates, Find the work done in carrying a unit positive charge 

3 . 3 

from Pi (a, o, o) to P 2 (^=, , o) in electric field 

E = (r sin cj) cos 4> + z cos cj)) a^ V/ m 

4. Let V = 2xy 2 z 2 V in free space. Evaluate each of the following quantities 
at P (3, 2,-1): 

(a) V; (b) E; (c) |E|; (b) a N ; (c) D. 

5. Given the potential field V = 80 r 2 Cos 0 V and a point P (2.5, 30, 60) in free 
space, Find at P: 

(a) V; (b)E; (c)D; (d) p v ; (f) a N . 

6. Given a surface charge density of 8 nC/m 2 on the plane x = 2, a line charge density 
of 30 nC/m on the line x = 1, y = 2 and 1 pC point charge at P (-1, -1, 2). Find V AB 
for points A (3, 4, 0) and B (4, 0, 1). 

7. A uniform volume charge density p v C/m 3 is present throughout a sphere with 
radius R. Find both E and V inside and outside the sphere. Note that there is no 
charge for r > R. 

8 . A finite line with uniformly distributed line charge density C/m. The line is located 
with centre as origin along z-axis. Find V and E at a point P with a distance r from 
the center of the line. 
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